Studies targeting the androgen receptor (AR) signaling pathway in aromatase inhibitor (AI)-resistant breast cancer are limited.
DISCUSSION
Bicalutamide, an AR inhibitor, has shown some promising efficacy and little toxicity in patients with triple-negative breast cancer; however, data for bicalutamide in patients with ER-positive, HER2-negative breast cancer resistant to AI are limited.
In this phase II, Simon's two-stage, single-arm study, we aimed to evaluate the efficacy and tolerability of bicalutamide plus another AI in patients with AI-resistant breast cancer. The Consolidated Standards of Reporting Trials (CONSORT) flow diagram is shown in Figure 1 . To our knowledge, this is the first study to investigate the value of bicalutamide in overcoming AI resistance; however, the primary outcome did not meet the preplanned result, leading to termination of the study after the first stage.
Of the 18 patients who were analyzed, only 3 had stable disease at 6 months, and there were no partial or complete responses. The median PFS was 2.7 months (95% confidence interval, 2.2-3.8 months), which was similar to previously reported data. The treatment was well tolerated. The most commonly reported adverse event was pain at any site (3/19 patients) . The results did not suggest that largesample clinical trials of bicalutamide plus another AI should be conducted to overcome AI resistance in ER-positive, ARpositive breast cancer. 
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The primary outcome was CBR; the secondary outcomes were PFS, ORR, and tolerability. CBR was defined as the ratio of patients who had response or stable disease according to RECIST version 1.1 definitions for over 24 weeks. ORR was defined as the ratio of patients with complete response or partial response according to RECIST 1.1. PFS was defined as time from treatment to disease progression or death.
Clinical assessment would be done every 2 months for the first half year, then every 3 months until disease progression, unacceptable adverse events due to treatment, or death. Patients would then be followed until 2 years after the last enrolled patient, death, consent withdrawal, or loss of follow-up. This study was approved by the ethics review board of our center, and written inform consent was obtained from all patients.
Investigator's Analysis
Level of activity did not meet planned endpoint. Endocrine therapy is the mainstay of treatment and significantly improves overall survival in patients with estrogen receptor (ER)-positive advanced breast cancer. Aromatase inhibitors (AIs), including the nonsteroidal AIs (NSAI), letrozole and anastrozole, and the steroidal AI, exemestane, are widely used in first line treatment. However, resistance is the major obstacle in clinical practice [1] . Overcoming drug resistance is essential in endocrine therapy.
DRUG INFORMATION
One of the potential mechanisms may be activation of androgen receptor (AR) signaling. AR is widely expressed in breast cancer cells. More than 70% of breast cancer is AR positive, and AR positivity is conserved during tumor progression [2, 3] . Studies showed that AR positivity was associated with good prognosis regardless of subtype [4, 5] . Studies have shown that cancer cells that are resistant to AI could convert to AR dependence rather than ER dependence, leading to activation of the EGFR pathway and then promotion of cell growth [6] . Furthermore, AR can promote proliferation of breast cancer cells, epithelial-mesenchymal transition, and metastasis through activation of the JAK/STAT3, MAPK, NOTCH, and PI3K/AKT/ mTOR pathways [7, 8] . Preclinical studies showed that AR inhibitors could significantly inhibit cell proliferation and promote cell apoptosis in both triple-negative breast cancer and AIresistant cell lines [9] [10] [11] AR may be not only a prognostic factor but also a new treatment target in breast cancer.
AR-targeted therapy has shown some promising preliminary results [12] . Bicalutamide, a nonsteroidal AR antagonist, interrupts the DNA-binding domain binding to androgen-related elements [13] . A phase II study showed that bicalutamide achieved 19% of clinical benefit rate (CBR) at 6 months and 12 weeks of median progression-free survival (PFS) in patients with ER-negative, AR-positive advanced breast cancer [14] . Other AR inhibitors and CYP17A inhibitors showed a CBR at 6 months of 7% to 29% in monotherapy or in combination with endocrine therapy in breast cancer and good safety in both monotherapy and combination [15] [16] [17] . The combination of AR antagonist with endocrine therapy may show more efficiency in ER-positive, AR-positive breast cancer that has progressed after one type of AI. However, studies of the combination of AI and bicalutamide have not been reported.
The aim of this study was to assess the efficacy and safety of bicalutamide plus another AI in patients with both ER-and AR-positive breast cancer after disease progression following one type of AI.
This study did not meet the primary outcome we planned. No improvement in CBR was observed when adding bicalutamide to a second line of AI in patients whose disease had progressed after a previous AI. As we know, the CBR at 6 months of steroidal AI is about 12%~20% in patients who experience disease progression after NSAI resistance [17, 18] . In our study, the CBR at 6 months was 16.7% and the median PFS was 2.7 months, which was consistent with the previously reported results and did not show synergistic effects in combination bicalutamide.
Adding AR inhibitors into AI did not improve the efficacy in patients whose tumors exhibited resistance to AI. There are conflicting evidences about AR as a prognostic or predictive factor in patients with breast cancer. A study showed that AR expression was related to tumor proliferation and nuclear grade. AR negativity and ER negativity were associated with high tumor aggressiveness [19] . Other studies showed that AR expression was associated with disease-free survival and overall survival, regardless of subtype [5, 20, 21] . However, the Breast International Group Trial 1-98 study showed that AR was associated with better clinicopathological factors but not with better disease-free survival and overall survival [22] . Most studies targeting AR in patients with breast cancer who had disease progression after NSAI failed to prove that AR signaling was the main mechanism of AI resistance [17, 23, 24] . AR inhibition may have value in patients with certain types of breast cancer, such as triple-negative breast cancer [14] , AR gene amplification [23] or AR-positive, ER-positive, untreated advanced breast cancer [24] .
It is likely that the mechanisms of AI resistance are heterogeneous in ER-positive breast cancer, so simply blocking AR signaling may be insufficient to overcome resistance. Mutations in the PI3KCA/AKT/mTOR pathway and cell cycle regulation are more frequently detected, which could lead to more successful outcomes in overcoming AI resistance [25] .
In terms of safety, no new adverse events were reported in our study. The frequency and clinical pattern of adverse events were consistent with the previous study [14] .
Bicalutamide in combination with AI did not show synergistic effect in patients with ER-positive, AR-positive, and AI-resistant disease. We suggest that no more large-sample clinical trials should be conducted in this population for overcoming AI resistance.
